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LESIONS OF THE LARGER VESSELS FOLLOWING
RENAL ARTERY CONSTRICTION*
M. C. WINTERNITZ AND L. L. WATERS
Goldblatt3 has described the visceral arteriolar necroses and
hemorrhages occurring in association with hypertension and azotemia
after constriction of the renal arteries in dogs. In rabbits with
induced hypertension, Wilson and Pickering8 have found similar
lesions. These authors have mentioned the presence of an occa-
sional intramural hemorrhage in the smaller vessels. In a series of
dogs, prepared after the same fashion in this laboratory, these obser-
vations have been confirmed, and numerous hemorrhagic lesions of
the larger vessels also have been noted. This paper will describe
the latter lesions and include a few examples of similar change
encountered in a preliminary survey of materials from patients
whose clinical story suggested such a possibility.
A series of young, healthy dogs was subjected to various pro-
cedures designed to reduce blood flow through the kidneys. Blood
pressures were followed by means of an adaptation of the Friedman
oscillometer 2' 7and non-protein nitrogen determinations were made
on the blood. The material upon which this paper is based was
obtained from a group of animals surviving renal artery constriction
for from three to eight days, and which showed, postoperatively,
marked hypertension and progressive nitrogen retention.
At autopsy a varying number of gross vascular lesions were con-
sistently present, as were the visceral hemorrhages described
by Goldblatt. The most constant site of the former was the main
trunk of the pulmonary artery. The aortic arch and its branches
and the thoracic aorta frequently showed numerous lesions. In the
great veins hemorrhages occurred most frequently in the proximal
portions of the superior and inferior venae cavae. Extensive sub-
endocardial and myocardial hemorrhages were present, especially in
the left ventricle3 as were also more minute focal hemorrhages of
the valve leaflets.
Grossly, the vascular lesions from the adventitial side appeared
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as fleck-like, petechial hemorrhages in the perivascular connective
tissue. On examination of the underlying intimal surface, an occa-
sional discoloration indicated the presence of an intramural hemor-
rhage (Fig. 1). When such a vessel was cleared by the Spalteholz
technic, numerous hemorrhages of the wall, not previously suspected,
became apparent.
Microscopic examination revealed marked changes in the adven-
titial and medial vasa vasorum with associated edema, necrosis, and
hemorrhage in the wall of the parent vessel (Fig. 2). The usual
appearance of the vasa was altered in many instances by the presence
of a more or less complete circle of bright fuchsin-staining substance
(Masson) underlyingthe endothelium (Figs. 2 and 5). This mate-
rial often varied in thickness, extending toward the lumen of the
vessel or away from it into the adventitial tissues. Frequently the
endothelium was raised, and between it and the bright staining sub-
stance there was present a small cellular accumulation, composed
chiefly of monocytes, red blood cells, and an occasional polymorpho-
nuclear leukocyte. In the adventitial and peri-adventitial tissues of
the vasa surrounding such bright staining mural inclusions were
similar cellular accumulations, often quite rich in extravasated red
blood cells (Fig. 2). When the necrotic process in the wall of the
vessel extended to the lumen, the latter sometimes was occluded by
a thrombus of similar acidophilic material in which leukocytes and
monocytes occasionally wererecognizable. Oftenthelineofdemar-
cation between mural change and luminal mass could not be made
out. It should be emphasized that the lesions of the vasa described
above correspond closely to the visceral arteriolar changes (Fig. 6)
found both in our animals and in those of other workers.
Associated with these lesions of the vasa were necroses and
hemorrhages of the medial coat ofthe parent vessel (Figs. 2 and 7).
Prominent also, near or surrounding degenerating vasa, were focal
areas of edema (Figs. 3 and 8) of the muscular coat. Much bright
staining, homogeneous material similar to that seen in the walls of
the vasa was present in such areas, either in small, irregular masses
or as minute granules in the otherwise dear intercellular edema
spaces (Fig. 2). The hemorrhages were by no means confined to
the media. They extended frequently throughout the adventitia,
media, and intima, often to within three or four cell layers of the
endothelium itself. Occasionally, as indicated above, they were
continuous with a complete or partial thrombotic luminal occlusion.
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Detailed study of the early stages of the lesions described above
indicates that the initial damage to the vessel wall involves smooth
muscle. Necrosis of individual fibers is found in the media of the
vasa, as well as in the various coats of the parent vessel. With
Masson, the fiber, which is ordinarily a dull brick-red in staining
reaction, takes up more and more of the fuchsin and orange G of
the stain. Gradually, as the nucleus disappears and the cellular
outlines are lost, the cell becomes a structureless, bright red or
orange-red mass. These isolated necrotic fibers seen in the early
lesions apparently fuse to form the nudeus, at least, of the homoge-
neous bright red staining mural bands already described in the vasal
vessels. This fuchsin-staining substance lies in the position of the
media and may replace large portions of this coat. It often exceeds
in thickness, as has been mentioned, the adjacent uninvolved seg-
ments of media. This increase in size is hardly to be explained by
mere swelling of the fused muscle fibers. Furthermore, the pres-
ence of acidophilic granules in the vicinity indicates that it may grow
by accretion of similar staining materials in its environment. The
final result is a bright fuchsin-staining mass identical microscopically
with the well-known "fibrinoid" degeneration described in the
arteriolar necroses of malignant nephrosclerosis. In the larger
vessels the whole width of the media is not transformed in the above
fashion. Isolated masses of fuchsin-staining substance are found,
however, near degenerating vasa. This material again has its origin,
at least in part, in the fusion of necrotic smooth muscle cells.
In view of the above findings and the often observed fact5'6 that
visceral arteriolar changes of a like nature are present in individuals
dying in clinical uremia with hypertension, the great vessels from
several such cases have been examined. A few illustrations (Figs.
2, 3, 4, 7, 8, 9, and 10) suffice to show the striking similarity of the
medial lesions encountered. It may be pertinent to point out that
in the same vessels medial scars as well are often met with (Fig. 10),
and the possibility of correlation between the acute and the healed
lesions is evident. It seems reasonable to associate these changes
with the well-recognized hemorrhagic medial necrosis described by
Gsell4 and by Erdheim.'
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Protocol- Dog No. 61
Beagle, Male, Good condition.
10/17-21/38 Blood pressure 80-100 systolic.
10/21/38 Nembutal anesthesia. Goldblatt clamp on right renal artery.
10/22/38 Blood pressure 100 systolic.
10/26/38- Blood pressure 75 systolic. Dog sent to farm.
12/19/38 Blood pressure 80 systolic. Dog brought to laboratory.
12/19/38-1/31/39 Blood pressure 80-100 systolic.
1/23/39 NPN 45.0 mgm.%.
1/31/39 Blood pressure 95 systolic. NPN 45.0 mgm.%o. Nembu
2/1/39 Blood pressure 155 systolic.
2/2/39 Blood pressure 170 systolic.
2/3/39 Blood pressure 170 systolic.
atal
anesthesia. Goldblatt clamp on left
renal artery.
NPN 81.2 mgm.%. Dog sick,
will not eat.
NPN 147 mgm.%. Given 200 cc.
normal blood and 300 cc. 10%
glucose after removal of 200 cc.
blood. No reaction.
NPN 236 mgm.%o. Dog very
weak. Given 150 cc. normal blood.
No reaction. 150 cc. 10%o glu-
cose. Dog died 10 minutes after
the infusion.
Autopsy
Grossly: The operative wound is clean. The right kidney is reduced to
a very small residue of firm, fibrous connective tissue, while the left is swollen,
soft, friable, opaque, and discolored, and is obviously necrotic. Numerous
fleck-like petechial hemorrhages are seen scattered over the subserosal surfaces
of the stomach, intestines, pancreas, and the gall-bladder. There is fluid
blood in the large intestine. Similar fleck-like hemorrhages are seen in the
lungs, the epicardium, and the brain. In the loose periadventitial tissue of
the pulmonary conus and in the descending aorta are numerous, small,
splotch-like hemorrhages. The mural hemorrhages show through on the
intimal surface as blue discolorations. In the left ventricle there are exten-
sive subendocardial hemorrhages, and there is a small petechial spot on the
mitral valve.
Microscopically: There is massive necrosis of the left kidney. The
right kidney is composed almost entirely of dense scar tissue, but a few tubules
may be found. In the granulation tissue surrounding the clamped renal artery
of this side are many small vessels showing acute necrosis of their walls. The
submucosal and subserosal vessels of the large and small intestines show acute
necrotic changes. Subendothelial and medial masses of bright fuchsin-staining
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amorphous material are prominent. Extravasated red blood cells are present
in the walls of some of these vessels and in the periadventitial connective
tissue. Occasionally a small accumulation of leukocytes is present in these
locations as well. Arteriolar change of the same nature is present in lesser
degree in the spleen, the pancreas, the wall of the gall-bladder, the lungs, and
the heart. The walls of some of the smaller coronary veins also show the
acute process. Besides the subendocardial hemorrhage noted grossly, a few
small myocardial hemorrhages, associated with necrosis of myocardial fibers,
are found.
Focal areas of medial edema, necrosis, and hemorrhage are found in the
pulmonary artery and aorta. These are associated with adventitial hemor-
rhages, and with marked necrosis in the walls of the adventitial and medial
vasa. The latter show changes similar to those described in the intestinal
vessels and similar also to those found in focal areas of the media of the
parent vessel.
Protocol-Dog No. 78
Bird-dog, Male, Good condition.
4/25/39 Blood pressure 130 systolic. NPN 17 mgm.%o.
4/26/39 Blood pressure 135 systolic.
4/27/39 Blood pressure 145 systolic. Nembutal anesthesia. Bilateral
renal artery ligation.
4/28/39 Blood pressure 175 systolic. Dog drowsy.
4/29/39 Blood pressure 210 systolic. NPN 146 mgm.%. Very sick.
Given small transfusions and infu-
sions.
4/30/39 Blood pressure 250 systolic. Very low. NPN 213 mgm.%o.
Given small infusions. Died.
dutopsy
Grossly: There is no evidence of peritonitis. The kidneys are necrotic.
No hemorrhages are seen in the alimentary canal, but there is great conges-
tion of their mucosal surfaces. There is a large infarct in the spleen. Focal
hemorrhages are apparent in the lungs and several blue discolorations of the
main trunk of the pulmonary artery are evidence of intramural hemorrhages
in this vessel. A large hemorrhage is present in the mitral valve and there
are small subendocardial hemorrhages in the left ventricle.
Microscopically: There is massive necrosis of both kidneys. Acute
necroses of small vessels are found in the submucosa of the large intestine,
in the spleen, and in the vasa vasorum of the pulmonary artery and aorta.
Associated with the vasal lesions are focal medial areas of edema and necrosis
in the parent vessels. Hemorrhagic myocardial necroses are found in the
left ventricle.
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Case report 4282
R. B., a 47-year-old white man, entered the hospital on May 24, 1938,
complaining of passing dark-colored urine. His general health had always
been good. There was no relevant family history.
Present illness: Without any previous history of acute illness, the patient
began having severe headaches about five months before admission. At this
time he consulted a physician, who found an elevated blood pressure, 212
systolic. Three months before admission the patient had blurred vision for
about three weeks, and six weeks before admission he had first noticed that
his urine was dark in color.
Physical examination: Temperature 99.80; pulse 120; respirations 24;
blood pressure 230/170. The patient was well developed and nourished.
He had moderate dyspnea and orthopnea but no cough. The fundi showed
blurred disc margins with edema of the entire fundus and fragmentation of
the arterioles. There were numerous white patches and a few hemorrhages.
Examination of the lungs revealed rales at both bases. The apex impulse
was diffuse and forceful. There was no pitting edema, but slight puffiness
of the hands and feet was noted.
Course in hospital: In the hospital the patient's NPN rose rapidly and he
developed muscular twitching and vomited repeatedly. Magnesium sulphate
infusions were ineffective in controlling the nervous manifestations. He died'
after five days, on May 29, 1938.
Laboratory findings:
Urine Appearance Reaction Sp. Gr. Alb. Sugar Acetone R.B.C.
5/24/38 bloody acid 1.010 ++ 0 0 numerous
W.B.C.-2-6/hpf. Casts-numerous
Blood R.B.C. Hgb. W.B.C. P Ly LM E B N.S. Smear
5/24/38 3.65 63%to 13,200 79 15 5 1 0 6 negative
Blood Kahn 5/25/38-negative. Stool 5/26/38-guaiac 2+.
NPN CO2 Cl TotalProt. Alb. Glob.
5/25/38 135 mg.%o 47.0 vol.%o 99.0 m.eq. 5.01%o 3.96 1.05
5/27/38 170 mg.%o
5/28/38 189 mg.%o 36.75 vol.%b 95.4 m.eq.
5/25/38 Cultures. Urine-no growth. 5/27/38 Blood-no growth.
Autopsy
The body is that of a well-developed, well-nourished man and weighs
182 lbs.
Heart: The heart is enlarged, weighing 530 gm. No myocardial or
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endocardial lesions are noted grossly or microscopically. There is some
irregular intimal thickening of the coronary arterioles.
Kidneys: The kidneys are large, weighing 185 and 175 gm. respectively.
Their capsules strip readily and leave a finely granular surface. Throughout
the cortex of both organs are numerous fine petechial hemorrhages. Micro-
scopically, the renal arterioles, especially the afferent ones, show, in the hema-
toxylin and eosin stain, a subendothelial deposit of a hyaline material. In
some vessels there is a definite increase in the subendothelial connective tissue.
Portions of many glomerular tufts show necrosis or hyalinization and there
are red blood cells in the capsular spaces. An occasional epithelial prolifera-
tion of Bowman's capsule is present. Scarring of the cortical zones alternates
with dilated atrophic tubules. Such scarred areas are moderately infiltrated
with lymphocytes.
Small intestines: Numerous petechial hemorrhages are present in the sub-
mucosa of the jejunum and ileum.
Pulmonary artery and aorta: No lesions of the pulmonary artery are
found. The aorta shows numerous atheromatous thickenings of its intimal
surface. The medial and vasal adventitia are prominent and show thickening,
but no definite necrosis of their walls. However, the media of the aorta con-
tains numerous clear-cut zones of edema and also of necrosis of the muscular
and elastic fibers. Extravasated red blood cells are present in some of these
areas. Dense fibrous scars of the media also occur, corresponding in position
to the acute processes described above. Hemorrhagic extravasations into and
around the intimal atheromata are frequent.
Sumnary
Renal artery constriction in dogs, resulting in hypertension, pro-
gressive azotemia, and death within three to eight days, is associated
with necrotizing, hemorrhagic mural lesions of the larger blood
vessels.
The pulmonary artery, the aorta and all its branches, and the
great veins may all be involved.
Necrosis of smooth muscle occurs variably in all of the coats of
the larger vessels. The vasa vasorum of the adventitia and also the
smaller branches in the media frequently show necrosis of their
walls; thrombi often accompany the mural changes. These proc-
esses in the smooth muscle in the vasa are associated with the larger
focal hemorrhagic medial necroses of the parent vessels.
The mural lesions of the larger vessels, together with the
changes in their vasa vasorum, are strikingly similar to the vascular
lesions occurring in malignant nephrosclerosis in man.
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This is the first of a series of papers dealing with tthe pathology of cardiovascular
disease. The second paper will appear in the July issue of this Journal.PLATE I
FIG. 1. (Above.) There is a large adventitial hemorrhage in the pulmo-
nary artery. Note the appearance of the lesion on the intimal surface and in
cross-section. Hemorrhages beneath the endocardium and in the myocardium
of the left ventricle are evident. Dog No. 235.
FIG. 2. Low and high power drawings of a microscopic preparation of a
hemorrhagic lesion in the pulmonary artery. The walls of a minute vasal
vessel are converted into masses of bright acidophilic material. Much edema
and necrosis accompany the extravasated red blood cells extending into the
subintimal tissues. Dog No. 51.4*_I: lii^L;_iszl,i
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PLATE II
FIG. 3. (Above.) Photomicrograph of aorta showilng an area of edematous connective tissue
surroundinig a necrotic medial vas. X 400. Dog No. 47.
FIG. 4. Fortv-seveii-year-old man dyinig of malignlant inephrosclerosis with terminal uremia.
Phl,tomicrograph of aorta. Medial edema surrouniding a vasal vessel. For comparison with
Fi% . 3. X 400.
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FIG. 5. Photomicrograph of an aortic adventitial vas showingo the niearlv complete replacemet
of its wall by subendothelial acidophilic material. Masson stain. X 400. Dog No. 61.
FIG. 6. Photomicrograph of a hemorrhagic zone in the perinephric coninective tissue. The
vessel walls are composed largely of bands of fuchsin-staining material. A cellular accumulation
is presenit in one vessel betweeni the endothelium and this acidophilic substanice. MIasson staini.
X 300. Dog No. 61.PLATE IV
FIG. 7. Photomicrograph of aorta showing location and extent of hemorrhagic medial lesion.
Masson-Verhoeff stain. X 30. Dog No. 61.
FIG. 8. Detail of Fig. 7, showing medial hemorrhage, edema, and necrosis of the muscular and
elastic fibers. X 300.PLATE V
FIG. 9. Human aorta (case report 4282). Focal hemorrhages in media with necrosis of the
smooth muscle and elastic fibers. Masson stain. X 250.
FIG. 10. Human aorta (same case as Fig. 9). Extensive medial scars surrounding vasal vessels.
AMasson stain. X 200.